Biogas Research on Rubber Industry
at Prince of Songkla University

Sumate Chaiprapat
Energy Research Institute

Prince of Songkla University
Hat Yai, Thailand




Natural gas















Primary Focus

» Waste to Energy

» Major industries in southern Thailand
- Concentrated rubber latex
> Palm oil mill
- Seafood processing
» Emergent opportunity
- Co-digestion
> Agricultural residues
> Municipal solid waste

» No prior established research facility
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Concentrated Rubber Latex
Industry

» High sulfate wastewater 1,000-2,000 mg/L
causing H.,S in biogas
» Acidic wastewater pH 4-5

» Biogas technology is not yet wide spread in
conc. rubber industry

» Biogas can not be directly utilized
» Low amount of biogas generated 1 m3:1 m3
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Research for conc latex industry

» Anaerobic treatment of high sulfate ww

» Enhancement of sufidogenesis for sulfate
pretreatment

» Cleaner production in conc. latex industry
» Novel polymer for sulfuric acid substitution
» Biological H,S removal

» Chemical H,S and CO, removal (catalytic and
chelate)
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1. ABR on conc. latex wastewater
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1 = Influent for ABR 4 = Balloon
2 = Peristaltic pump 5 = Gas collector
3 = Sampling ports 6 = Holding tank



Characteristics of raw concentrated rubber latex wastewater and the pH
adjusted influent by parawood ash and NaOH to 7.640.1

Parameter Raw wastewater Influent-NaOH Influent-Ash
Temperature (°C) 27.7+4.6 24.7+2.7 25.6+2.4

pH 4.,73+0.82 7.58+0.1 7.58+0.1
Alkalinity (mg/L as CaCQO,) 358+24 1,859+167 2,022+224
Volatile Fatty Acids (mg/L as CH,COOH)  718+444 970+101 968+105
TCOD (mg/L) 5,430+2,046 5,958+488 5,634+481
SS (mg/L) 501+330 536430 538+24

SO, (mg/L) 1,819+483 1,799+363 1,778+378




Fig. 2. COD removal efficiencies of ARB-NaOH and ABR-Ash treating
concentrated rubber latex wastewater under different HRTs and effluent
recycle ratios.
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Fig. 3. Biogas production from ABR-NaOH and ABR-Ash treating concentrated ru-
bber latex wastewater at stable condition under different HRTs and effluent recycle
ratios.
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Fig. 5. The observed methane yield of ABR-NaOH and ABR-Ash at stable condition
(a) without effluent recycle and (b) with effluent recycle.



2. Biofiltration of H2S
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H,S concentration in the gas mixture inlet fed to the biofilters

Biogas-to-Alr Ratio H.,S Concentration
(Ppmv)
1.4, (G1A4) 2.327:98
1:3, (G1A3) 2,879:94
1:2, (G1A2) 3,862:91
1:1, (G1A1) 8,732+:104
2:1, (G2A1) 11,196+371
5
—--G1lA4
- G1A3
4 - G1A2 ||
% - G1lAl
£ 3 \\ % G2A1 |
5
£ 2
=
C NS
0

0 24 48 72 96 120 144 168 192 216

Time (hrs)



300

- 100% Removal
o= 250 -

S

9 O

> 200 .
s /S =TT

© / m - Model Prediction
S 150 -

@) o A -~ -

S - - o — 100% Removal

= 100 Phe ¢ Inlet H2S 2,327 ppm |
I= L o A Inlet H2S 2,879 ppm
£ 50 - o Inlet H2S 3,862 ppm |
L o Inlet H2S 8,732 ppm

0 | | | — — Proposed Model

0 100 200 300 400 500 600 700
L (g/m3/h)



Performance of the biofilters receiving synthetic liquid (BFgyy)
and serum wastewater (BF¢g) as a recirculation liquid under void
space retention time (RT) 40 sec. and biogas-to-airratio G1A4

Gas composition Biofilter
BI:SYN BFSE

H,S In inlet gas (ppm) 2,234.8:91.4 2,234.8:91.4
H.S in outlet gas (ppm) 378.5:96.8 397.8:92.1
H.,S inlet loading (g/m3/d) 141.7:4.7 138.9:5.5
H,S Removal (%) 83.3:4.4 81.9:3.5
Elimination capacity (g/m3/d) 117.4+8.2 113.5:9.7
CH, in inlet gas (% v/v) 14.6+1.3 14.4+1.0
CH, in outlet gas (% v/v) 11.1:1.0 8.0:1.5
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Biogas sampling bag
Outlet biogas

Liquid distributor

Packing media
Inlet biogas
Aerator
Liquid pump

Recirculation liquid

Biogas pump



EBRT Liquid

Treatment (s) recirculation rate
(m3/m?/h)
1 100 2.4
2 100 4.7
3 100 7.1
"""""""" 4 140 24
5 140 4.7
6 140 7.1
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pH of recirculation liguid was maintained
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Elimination capacity (gHszmsfh)
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Palm Oil Mill

» High strength wastewater
» High in FOG
» Color is difficult to remove

» Residues (fronts, trunk, fiber, shell, and EFB)
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Research for palm oil industry

» Temperature phased AD

» Bio—chemical pretreatment of palm oil
residues for biogas production

» Co-digestion on palm oil residue with high N
waste
> Pig farm
- Concentrated latex factory

» Formulation of carbon emission from palm oil
industry
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Emergent opportunity

» Co-digestion
> Solids mix to liquid or liquid to liquid

- Nutrient balance vs economic values vs food
shortage

- High solid digestion
> Dry fermentation
» Other materials
- Wastes after harvest (plant residues)
> Fast growing plants
- Food waste
> Municipal solid waste (organic fraction)
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